(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) Internationa] Publication Date 
21 October 2004 (21.10.2004) 




PCT 



(10) International Publication Number 

WO 2004/089824 Al 



(51) Internationa] Patent Classification 7 : C01B 31/26 

(21) International Application Number: 

PCT/ZA2004/000042 

(22) Internationa] Filing Date: 13 April 2004 (13.04.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
0308283.1 



10 April 2003 (10.04.2003) GB 



(71) Applicant and 

(72) Inventor: FINK, Winston, David [ZA/ZA]; 25 North 
Rand Road, Beyers Park, Boksbcrg, Gautcng (ZA). 

(74) Agent: BACON, Brian; Brian Bacon & Associates Inc., 
2nd floor, Maricndahl House, Newlands on Main, Main 
Road, 7700 Newlands (ZA). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 



CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, IX, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, S Y, TJ, TM, 
TO, TR, IT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (B W, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: THE MANUFACTURE OF CARBONYL SULPHIDE 



00 
00 




usj e&-1 



^j. (57) Abstract: A method of producing carbonyl disulphide is disclosed in which sulphur entering a vessel (24.1) along a line (22.1) 

O is dissolved in liquid carbon disulphide entering along a line (26. 1). In a reactor (140) the dissolved sulphur and carbon disulphide is 

© reacted with carbon entering along a line (14.1) and solid carbon entering along a line (10.1). The reaction products are fed along a 

^ line (148) to a scrubber (146) and then to a distillation column (04.1). The gaseous fraction which emerges from the column (104.1), 

Q and which consists mainly of carbonyl sulphide, is cooled in two refrigeration stages (124.1, 126.1) and stored in a lank (132.1). 

^ Carbon disulphide is recovered from the column (104.1) and stored in a tank (1 18.1) for eventual return to the vessel (24.1) along 

^ the line (26.1). 
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THE MANUFACTURE OF CARBONYL SULPHIDE 

FIELD OF THE INVENTION 

THIS INVENTION relates to the manufacture of carbonyl.sulphide 
which is also known as carbonyl oxysulphide. 

BACKGROUND TO THE INVENTION 

Carbonyl sulphide, which is usually referred to as "COS", is being used 
for the fumigation of, for example, grain in silos. It is replacing earlier fumigants 
which are now considered to be ecologically unfriendly. 



Commercially, COS is produced in one of two ways. One method 
involves reacting carbon monoxide with molten sulphur in a reaction vessel. The 
carbon monoxide is bubbled up through the molten sulphur. Molten sulphur is a 
dangerous, aggressive substance and hence specialized reaction vessels are 
required. Furthermore, carbon monoxide is a costly gas. As a consequence of 
these factors the resultant COS is expensive. 



The second production method of which Applicant is aware comprises 
creating a heated fluidized bed of sulphur in particulate form and reacting it with the 
carbon monoxide. The sulphur is often in the form of pyrites so that the residue is 
.iron which has a significant sulphur content and is hence not usable as feed stock 
for a smelting process. 
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Whilst this method results in a cheaper product than the first method 
described, the COS which is produced is still expensive. 

COS, if produced at a lower cost, would be more widely used for 
fumigation than it is now and this has important ecological consequences. 

Thus the present invention seeks to provide a process of COS 
production which results in COS that is less expensive than COS produced by the 
methods which are currently in commercial use. 

BRIEF DESCRIPTION OF THE INVENTION 

According to the present invention there is provided a process for 
producing carbonyl sulphide which comprises, in a first stage, dissolving sulphur in 
carbon disulphide and, in a second stage, reacting the solution of sulphur in carbon 
disulphide with a source of carbon and oxygen atoms. 



The process can include the step of reacting the solution of sulphur in 
carbon disulphide with carbon and carbon dioxide. Alternatively the process can 
include reacting carbon dioxide and oxygen to provide carbon monoxide, and 
reacting the carbon monoxide with the solution of sulphur in carbon disulphide. 



The carbon disulphide is separated from the carbonyl sulphide by, for 
example, feeding the carbonyl sulphide and the carbon disulphide to a distillation 
column. 
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The process can include the further step of cooling the carbonyl 
sulphide and the carbon disulphide carrier using a spray of liquid carbon disulphide 
and/or a bath of liquid carbon disulphide. 

A specific form of the process includes the step of cooling the carbonyl 
sulphide and the carbon dioxide carrier using a spray of liquid carbon disulphide 
and/or a bath of liquid carbon disulphide, and feeding the carbonyl sulphide and the 
carbon disulphide contained therein from the cooling stage to a distillation column in 
which separation of carbon disulphide from carbonyl sulphide takes place. 

The separated carbon disulphide can be recycled to said first stage. 
The process can further comprise the step of cooling the carbonyl sulphide 
emerging from the distillation column to produce a stream of carbonyl sulphide for 
refluxing to the distillation column and a stream of gaseous carbonyl sulphide. 

The stream of gaseous carbonyl sulphide can, as a final process. step, 

be liquified. 

BRIEF DESC RIPTION OF THE DRAWINGS 

For a better understanding of the present invention, and to show how 
the same may be carried into effect, reference will now be made, by way of 
example, to the accompanying drawings in which:- 

Figures 1 and 2 illustrate a COS production plant; 
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Figure 3 illustrates a detail of the plant of Figures 1 and 2; and 
Figure 4 illustrates a further COS production plant. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring firstly to Figure 1, carbon in the form of, for example, carbon 
black is fed by a screw conveyor along a line 10 to a reactor 12. Carbon dioxide is 
fed to the reactor 12 along a line 14. The reaction in the reactor 12 is: 

C0 2 + C ->2CO 

A line 16 leads from the reactor 12 to a heat exchanger 18 in which the 
carbon monoxide produced is cooled. 

Reference numeral 20 generally designates means for supplying 
sulphur dissolved in carbon disulphide. Sulphur, in solid form, is fed by a screw 
conveyor along a line 22 to a vessel 24 and liquid carbon disulphide is fed to the 
vessel along a line 26. The vessel is diagrammatically shown as having a paddle 28 
for stirring the liquid carbon disulphide to cause the solid sulphur to dissolve in it. 
The liquid which flows out of the vessel 24 is at approximately 25'C. 

A three stage reaction vessel 30, 32, 34 is provided for reacting the 
dissolved sulphur with the carbon monoxide produced in the reactor 12. The first 
stage reaction vessel 30 has an inlet 36 to which a line 38 leads from the heat 
exchanger 1 8. The first stage reaction vessel 30 has a further inlet 40 to which a 
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iine 42 connects, the line 42 leading from the vessel 24 to the reaction vessel 30. 



The arrangement of the inlets 36 and 40 is shown in Figure 3 which 
also illustrates an oil cooling jacket 44. The diameter of the flow path increases 
downstream of the inlet 40. 

Pipes 48 and 50 connect the three stages of the reaction vessel to one 
another in series. 

Liquid coolant is pumped into a cooling jacket 52 of the third stage 34 
along a pipe 54. From the jacket 52.the coolant flows along a further pipe 56 to a 
jacket 58 of the second stage 32. A still further pipe 60 connects the jacket 52 to the 
jacket 44 (Figure 2). 

From the stage 34 a mixture of gaseous COS and gaseous carbon 
disulphide flows to a further two stage reactor 62, 64 connected in series with one 
another by a pipe 66. 

The stages 62, 64 are identical to the stages 30, 32, 34 and include 
jackets through which coolant is pumped. The coolant inlet pipe is designated 68. 

The main reaction in the stages 30, 32, 34,62, 64 is: 



CO + S -» COS 



WO 2004/089824 



PCT/ZA2004/000042 



-6- 

Subsidiary reactions are: 

C + 2S -» CS 2 
CS 2 +C0 2 -»2COS 

The liquid coolant circuit shown in Figure 1 includes the pipes 54, 56, 
60 and 68. It also includes a pipe 70 which leads to the heat exchanger 18. 

Return coolant pipes are shown at 72, 74 and 76. These join and 
continue as a single pipe 78 to a heat exchanger 80 which is used to dispose of 
excess heat. From the heat exchanger 80 a pipe 82 leads to a sump 84 in which 
solids settle out. A further pipe 86 leads from the sump 84 to a coolant storage tank 
88 to which, on expansion of the coolant when it is heated, excess coolant flows. 

An outlet pipe 92 leads from the sump 84 and constitutes a manifold 
which supplies coolant to the heat exchanger 18 and the reaction vessel stages 30, 
32, 34, 62, 64. 

The outlet of the last reactor stage 64 is designated 94 and a line 96 
connected to it leads to a condenser 98 (see Figure 2). The condenser 98 has an 
outlet 1 00 for the gaseous fraction and an outlet 1 02 for the liquid fraction. The 
outlets 100 and 102 are connected to a distillation column 104. 

In the column 1 04 the gaseous fraction, which consists mainly of COS, 
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rises and the liquid fraction, consisting mainly of liquid carbon disulphide, runs down 
the column 104. 



The liquid which flows from the column 104 flows along a line 106 to a 
reboiler 108 fed with hot liquid along a pipe 110. The return heating liquid pipe is 
shown at 1 12. COS in the reheated liquid which is returned to the column 104 from 
the reboiler 108 rises in the column 104 and is recovered. 



A liquid level detector is provided in the column 1 04. When this 
detects that the top surface of the carbon disulphide in the column 104 has reached 
a predetermined level, liquid carbon disulphide is diverted to a cooler 114, 116 
before reaching a storage tank 118. 

Carbon disulphide in the tank 1 18 is eventually returned to the line 26 
by a pump 120 and recycled. 



A cooling water circuit 122 including a heat dissipating radiator 
provides cooling water to the cooling stages 1 14, 1 16 and also provides chilled 
water for the condenser 98. 



The gaseous fraction which flows out of the upper end of the column 
104 comprises carbonyl sulphide and carbon disulphide and passes through two air 
refrigeration stages 124, 126. In the first stage cooling takes place to a temperature 
above that at which carbonyl sulphide liquifies but below that at which carbon 
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disulphide liquifies. The liquified carbon disulphide is returned to the column 104 
along the line 128. In the second stage the carbonyl sulphide is cooled until it 
liquifies. From the second stage liquid COS is fed along a line 130 to a tank 132 
and other carbon gases, such as carbon dioxide and carbon monoxide, are vented 
through an outlet 134. 

Carbon dioxide cylinders are shown at 136 and 138 for supplying gas 
to the refrigeration stages 124, 126. 

Turning now to Figure 4, the COS production plant illustrated has 
many features in common with the plant of Figures 1 and 2. Where applicable like 
references have been used with the addition of the suffix .1. 

A reactor 140 comprises a carbon bed in a metal vessel lined with 
refractory material to withstand the heat of the exothermic reaction. The pipe 92.1 
supplies coolant to the reactor. The reactions which, in Figures 1 and 2, take place 
in the reactor 12 and in the three stage reaction vessel 30, 32, 34 all take place in 
the reactor 140. 

The refrigeration stages 124.1 and 124.2 are powered by two 
compressors designated 142, 144. 

Between the reactor 140 and the column 104.1 there is a scrubber and 
cooler the vessel of which is designated 146. A line 148 connects the reactor 140 to 
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the vessel 146. 

In the lower part of the vessel 146 there is a bath 150 of liquid carbon 
disulphide. This liquid is withdrawn from the vessel 146, pumped through a heat 
exchanger 98.1 and returned to the upper end of the vessel 146 as a spray of 
cooled liquid carbon disulphide. 

The reaction products from the reactor 140 enter either above or below 
the liquid level in the vessel 146. If they enter below the liquid level, they first bubble 
up through the liquid and then flow countercurrent to the falling spray of liquid 
carbon disulphide. If the reaction products' enter above the liquid level then they 
flow countercurrent to the falling spray. 



Elemental sulphur in the reaction products is dissolved in the liquid 
carbon disulphide, and this prevents sulphur coatings building up in the column 
104.1 and other parts of the plant. 
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CLAIMS : 

1 • A process for producing carbonyl sulphide which comprises, in a first 

stage, dissolving sulphur in carbon disulphide and, in a second stage, reacting the 
solution of sulphur in carbon disulphide with a source of carbon and oxygen atoms. 

2. A process as claimed in claim 1, and including the step of reacting the 
solution of sulphur in carbon disulphide with carbon and carbon dioxide. 

3. A process as claimed in claim 1, and including reacting carbon dioxide 
and oxygen to provide carbon monoxide, and reacting the carbon monoxide with the 
solution of sulphur in carbon disulphide. 

4 - A process as claimed in claim 1, 2 or 3 and including the further step of 
separating carbon disulphide from carbonyl sulphide. 

5 - A process as claimed in claim 4, and including the step of feeding the 
carbonyl sulphide and the carbon disulphide to a distillation column to separate 
carbon disulphide from carbonyl sulphide. 

6. A process as claimed in claim 1, 2, 3 or 4 and including the step of 

cooling the carbonyl sulphide and the carbon disulphide carrier using a spray of 
liquid carbon disulphide and/or a bath of liquid carbon disulphide. 
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7. A process as claimed in claim 1 , 2 or 3 and including the step of 
cooling the carbonyl sulphide and the carbon dioxide carrier using a spray of liquid 
carbon disulphide and/or a bath of liquid carbon disulphide, and feeding the carbonyl 
sulphide and the carbon disulphide contained therein from the cooling stage to a 
distillation column in which separation of carbon disulphide from carbonyl sulphide 
takes place. 

8. A process as claimed in claim 4, 5, 6 or 7 and including the step of 
recycling separated carbon disulphide to said first stage. 

9- A process as claimed in claim 7 and including the step of cooling the 

carbonyl sulphide emerging from the distillation column to produce a stream of 
carbonyl sulphide for refluxing to the distillation column and a stream of gaseous 
carbonyl sulphide. 

1 0. A process as claimed in claim 9 and including the further step of 

liquefying the stream of gaseous carbonyl sulphide. 
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